The success of proteomics hinges in part on the acting as a specific N-glycosidase that cleaves a single adenine residue from 28S rRNA [1, 2] . The B subunit development of approaches able to map receptors on the surface of cells. One strategy to probe a cell pentamer recognizes a glycolipid receptor, globotriaosylceramide [3, 4] , also known as CD77, Gb 3 , or Pk antigen. ure 1).
ribosome-inactivating protein that kills eukaryotic cells [1, 2] . SLT-1 binds to the glycolipid selection of these regions was based on the following knowledge. The B subunit is a small protein composed globotriaosylceramide [3, 4] , which acts as a shuttle, allowing the toxin to be imported and routed of only 69 amino acid residues that pentamerizes spontaneously in solution. Structural as well as modeling studies near ribosomes. We investigated the use of SLT-1 as a structural template to create combinatorial have indicated that three loop regions of the B subunit [5, 6] delimited by residues 15-19, 32-35, and 54-64 are libraries of toxin variants with altered receptor specificity. Since all SLT-1 variants retain their toxic associated with the receptor binding function of the toxin ( Figure 1 ; [7] [8] [9] [10] [11] ). Two dominant classes of binding sites function, this property served as a search engine enabling us to identify mutants from these libraries for CD77 exist on the B subunit pentamer and are referred to as sites I and II [7] . 
Results and discussion

Construction of SLT-1 libraries
the library were conducted to identify cytotoxic mutants able to kill these two cell lines. A collection of 600 single Shiga-like toxin 1 (SLT-1) is a ribosome-inactivating protein composed of two functional domains: a catalytic A clones was selected from the library. Briefly, individual colonies were picked from a library and their lysates subunit involved in the blockage of protein synthesis and a pentamer of identical B subunits (Figure 1) . The A chain screened on SLT-1-resistant cell lines. Several clones were typically able to delete Ͼ80% of cells in relation to is responsible for the inactivation of eukaryotic ribosomes, Figure 2 .
Cytotoxicity curves for toxin mutants derived from the SLT-1 library are presented in Figure 3 . CD 50 values ranging from 50 to 100 nM were calculated for these SLT-1 variants (variant 122, CD 50 80 nM ; variant 126, CD 50 100 nM ; and variant 824, CD 50 50 nM). The sequences of the mutated inserts present in the variants are presented in Table 1 which is internalized at a faster rate than most glycopro- of the toxin to the ER lumen, where the A chain is able to defining the receptor specificity of the wild-type toxin SLT-1 were selected as target sites for random mutagenesis.
retrotranslocate across the ER membrane near ribosomes. Finally, isomers of this glycolipid define the routing of SLT-1 inside cells. More specifically, CD77 (Gb 3 ) isoforms associated with toxicity have typically short fatty control wells containing viable cells (no toxin present). Plasmid DNA was recovered and sequenced from isolates acid tails (C16:0 and C18:0) [18, 19] . CAMA-1 cells eventually display some sensitivity toward the wild-type toxin that consistently killed such cells in cytotoxicity assays. A typical profile of cell cytotoxicity for a sample of 60 (Ͼ5 M). chain. Upon examination of the crystal structure, this deleted region comprises of a largely exposed loop region (54-64) followed by a short C-terminal ␤ strand (residues 65-68) that is contacting a strand (residues 9-14) located on the adjacent B subunit in the pentamer. Western blot analysis of toxin mutant 273 reveals the presence of both A and B subunits (see Supplementary material). Interestingly, mutations in the ␤ sheet framework outside the CDR regions of antibodies have been shown to have a significant impact on the affinity of the antibody [20] . in Figure 4 (left panels) confirmed that CAMA-1 as well as PC-3 cells did not express SLT-1 receptors on their surfaces, in contrast to Vero cells, which were strongly positive for the binding of the native toxin. In comparison, A significant proportion of clones examined in the SLT-1 library were found to contain mutations (including delehistograms arising from the detection of mutant 273 (Figure 4 ; right side panels) illustrate the presence of a new tions) outside the target areas. A clone from SLT-1, clone 273, that was found to retain strong specificity for PC-3 surface receptor recognized by mutant 273 on both CAMA-1 and PC-3 cells. Interestingly, Vero cells weakly cells in repeated assays was found, when sequenced, to have a deletion at the C terminus of its B subunit correexpress this new receptor, a finding that may explain its weak sensitivity to the mutant toxin ( Figure 3B ). sponding to residues 53-67 of the 69 amino acid-long Clues to the nature of the receptor identified sults observed using the more stringent selection process by mutant 273 based on cytotoxicity searches, where the strong selectivThe receptor recognized by mutant 273 is not related to ity pressure imposed on cells by the chronic presence of the native toxin receptor CD77 (Gb 3 , globotriaosylcerathe native SLT-1 molecule would have deleted any cells mide) or to Gb 4 (globotetraosylceramide), its closest strucexpressing CD77 or internalized homologs. The disacchatural homolog in the biosynthesis pathway of glycolipids.
ride moiety Gal␣1-4Gal␤ represents the dominant feature This conclusion is supported by the fact that the target of the receptor recognized by the native toxin [3, 22] and cell lines have been grown and maintained at all times has been uniquely associated with glycolipid synthesis in the presence of the native toxin, a precaution to ensure pathways [23] rather than glycoproteins. Western blot that the native receptor would not be targeted on these analyses performed on membranes derived from PC-3 cell lines. It has been well established that cells expressing cells using mutant 273 and detected using a second antieven small levels of CD77 (Gb 3 ) remain very sensitive to body directed at either the A or B chain, did not identify the native toxin (CD 50 values in the pM to fM range; a membrane component acting as the receptor. These Figure 3a; [17]). Furthermore, an average of nine mutaresults would suggest that the putative receptor is a protions have been introduced in the receptor binding region tein denatured under the conditions of SDS PAGE rather of the B subunit, indicating that multiple positions dethan a sugar component resembling Gal ␣1-4Gal␤ [3] . In fined by site-specific mutagenesis as essential for the summary, our data suggest that the new receptor recogrecognition of either Gb 3 Figure 4 simply confirm re- findings suggest the use of toxin libraries as a strategy to of SLT libraries to find such families of toxin mutants. Retrograde transport from the Golgi complex to the ER of
